2.
a '" 2: 0.
1.5 _.-.. here are given in the lower trace (solid squares) and those obtained using integral background subtraction and Gaussian peak fit are given in the upper trace (triangles 
Due to the core-hole localization, it is possible to write the Auger matrix element M(Ev'~) in terms of atomic Auger matrix elements and of angular momentum components of the density of states localized at the same site as the core hole (LDOS).
Self-deconvolution of N(E)
with the assumption of constant matrix elements across the valence band 13-17 can be interpreted as a transition density of states (TDOS). If the atomic matrix elements are known, then the TDOS can be interpreted as LDOS. 13-15
To obtain fundamental information on the electrons involved in the Auger intensity spectrum N(E) an accurate unfolding of the spectrum is needed. However, this unfolding appears to be quite troublesome and far from trivial.
Onsgaard et al. 18 suggested a new method to unfold a selfconvolution with the help of an iterative minimizing method. They tried to minimize a calculated convolution by constructing a trial unfold function with respect to the measured convolution. This method bypasses numerical problems such as the ambiguities of the square root of the complex phase in Fourier transforms8.15.16 and the difficulties of the choice of the starting point of the sequential digital method developed by Hagstrum and Becker. 6 . 7 As an iterative minimizing method we used in this work a modified Levenerg-Marquardt method (LM).19 The LM method states that the direction of the search of the minimum lies somewhere between the Gauss-Newton method and the steepest descent method. This method combines the rapidity of the Gauss-Newton and the absolute convergence of the steepest descent method. To obtain a global approximation in the LM method the trial TDOS was composed of splines.
20 Global approximation methods determine auto-
no matically the line regions over the entire spectrum, in contrast with local approximation methods using polynoms.
In this paper we have used more advanced types of splines, Bi,k (x) ,20 than applied by Onsgaard et al. These splines, defined on a subinterval (XOXi + k ) of the interval (x I'X N ), can be constructed by a recursive sequence with variable order k: 
0; elsewhere
Functions composed of splines of order k and its derivatives are continuous to order of k -1 on the interval (x I'X N ).
The TOOS can be approximated by Ns splines:
Using Eq. (2) and assuming constant matrix elements we can write: R = residue of the fit, which is defined as the square root of the sum of the squares of the difference between the self-fold of the trial function and the original corrected data N(E); E; = constant; Ao = initial value of the Levenberg-Marquardt constant, which determines the ratio of the Gauss-Newton and the steepest descent minimizing routines.
The function f( x,c) used in the LM can be defined as N(E) with \0% noise, and (c) the difference between the solution of (a) and (b). The smooth N(E) is the self-convolution of a trial TDOS. The absolute error per data point between the initial TDOS and the calculated TDOS is smaller than 1.0 X 10 -7. This indicates that the method is numerically exact for idealized functions. Also is illustrated the inherent suppression of the high-frequency components, without using additional smoothing.
self-deconvolute a smooth function (Fig. 2) . Total agreement between the outcome of the self-deconvolution calculation and the initial artificial data was obtained (absolute error per data point < l.Ox 10-7 ). Second, we unfold the same smooth curve with 10% noise added. The results are shown in Fig. 3 . The TDOS from the noise N(E) is slightly distorted, but the main features remain the same. In the bottom curve of Fig. 3 is drawn the difference between the two top curves. Our newly developed self-deconvolution method has been applied to the N(E) spectrum of the clean and oxidized Si( 100) surface, as derived from measured Si-L 2 • 3 VV spectra. The experimental setup, surface cleaning procedure, and gas handling have been described in detail elsewhere. 21 ,22 The N(E) spectrum can be derived from the Si-L 2 • 3 VV spectrum by subtracting the secondary background, followed by a deconvolution of the energy losses and instrumental broadening.23 (See Fig. 4 .) Preliminary results of the data processing are shown in Fig. 5 . The curves in Fig. 5 show good agreement with theoretical calculations of the SiO x interface by Ching,24 and ultraviolet photoemission spectroscopy measurements of Azizan et al. 25 The interpretation of the spectra will be discussed elsewhere,26 but some remarks need to be made about the interpretation of the TDOS. The TDOS cannot be interpreted straightforwardly and certainly not the TDOS of Si0 2 , because we see also components ofSiO x , which may be caused by interface defects or electron beam damage. Also a matter of debate is the nature of the density of state probed by L2,3 VV Auger process. 2 ,3.10
The method can be applied, in principle, to all problems of the form Ax = b. 23 A is a well-defined operation and the vector b is a known array of data points. The vector x needs to be solved. In summary, we have shown that the LM method, used in conjunction with the global approximation method is a powerful tool in obtaining the TDOS of Si from the measured Auger intensity N(E) with a high degree of accuracy. Moreover, the applicability of this method is not restricted only to self-deconvolution in CVV Auger electron spectroscopies and can be considered as a general calculation method.
